SUPERPOSITION OF MODAL RESPONSES IN SPECTRAL ANALYSIS by Kalman, Tanja & Sigmund, Vladimir
T. Kalman, V. Sigmund                                                                                                                                   Superposition of Modal Responses in Spectral Analysis 
TEHNIČKI VJESNIK 14 (2007)(1,2)17-24 17 
ISSN 1330-3651 
UDC/UDK 624.042.7 : 543.42 
 
SUPERPOZICIJA MODALNIH ODGOVORA SPEKTRALNE ANALIZE 
 
 
7DQMD.DOPDQ9ODGLPLU6LJPXQG
 
Prethodno priopćenje 
0RGDOQDDQDOL]DMHVWDQGDUGQDPHWRGDOLQHDUQHVHL]PLþNHDQDOL]HNRQVWUXNFLMD6XSHUSR]LFLMDSRMHGLQLKWRQRYDQLMHVWDQGDUGL]LUDQDLSRVWRMHUD]
OLþLWHSUHSRUXNH]DSULPMHQXSRMHGLQLKPHWRGD8UDGXVXGLVNXWLUDQLUH]XOWDWLYUãQLKGLQDPLþNLKRGJRYRUDQXPHULþNLKPRGHODDUPLUDQREHWRQVNH
RNYLUQHNRQVWUXNFLMHVLVSXQDPDVLEH]WRU]LRQLKIRUPLRVFLOLUDQMDRSWHUHüHQLVSHNWURPRGJRYRUDLYUHPHQVNLP]DSLVRPUHSUH]HQWDWLYQLKSRWUH
VD8VSRUHÿHQLVXUH]XOWDWLGRELYHQLVWULPHWRGHPRGDOQHVXSHUSR]LFLMH$%66566L&4&VSULSDGDMXüLPYULMHGQRVWLPDGRELYHQLPYUHPHQVNLP
]DSLVRPSRWUHVDUDGLXWYUÿLYDQMDWRþQRVWLXSRUDEOMHQLKNRPELQDFLMVNLKSUDYLOD$QDOL]LUDQLVXUH]XOWDWL]DVYHPRGHOHLPHWRGHVXSHUSR]LFLMHWHVX
GDWHSUHSRUXNH]DSULPMHQXSRMHGLQLKPHWRGD
.OMXþQHULMHþLVSHNWUDOQDDQDOL]DYUHPHQVNLRGJRYRUPHWRGHVXSHUSR]LFLMHNRPELQDFLMHPRGDOQLKRGJRYRUD
 
Superposition of Modal Responses in Spectral Analysis 
 
Preliminary notes 
0RGDODQDO\VLVLVDVWDQGDUGPHWKRGIRUDVWUXFWXUHHDUWKTXDNHUHVSRQVHDQDO\VLV7KHFRPELQDWLRQRIYDULRXVUHVSRQVHPRGHVLVQRWVWDQGDUGL]HG
DQGWKHUHDUHWKUHHPRVWRIWHQXVHGPHWKRGVRIPRGDOVXSHUSRVLWLRQ$%66566DQG&4&([DFWUHVXOWVRIVHLVPLFUHVSRQVHDUHREWDLQHGE\
WLPHKLVWRU\DQDO\VLVZHXVLQJDVHWRIUHSUHVHQWDWLYHHDUWKTXDNHV,QRUGHUWRHYDOXDWHWKHYDOLGLW\RIGLIIHUHQWVXSHUSRVLWLRQPHWKRGVZHUHGH
ILQHGEXLOGLQJPRGHOVWKDWFRYHUDEURDGUDQJHRILQWHUHVWUHJDUGLQJVWLIIQHVVDQGLWVGLVWULEXWLRQDORQJWKHKHLJKWDQGLQIORRUDQGWKHLUUHVSRQVH
WLPHKLVWRULHVZHUHDQDO\]HGIRUDVHWRIJURXQGPRWLRQVWKDWUHSUHVHQWVRIWDQGVWLIIJURXQG7KHVXJJHVWLRQVIRUHYHU\GD\XVHZHUHRXWOLQHG
.H\ZRUGVVSHFWUDODQDO\VLVWLPHKLVWRU\PRGHOVWUXFWXUHVUHVSRQVHFRPELQDWLRQUXOHV
 
1 
Uvod 
Introduction 
-HGQD RG QDMYDåQLMLK SULPMHQD WHRULMH GLQDPLNH
NRQVWUXNFLMD X JUDÿHYLQDUVWYX MH RGJRYRU NRQVWUXNFLMD
SUL GMHORYDQMX SRWUHVD =D GRELYDQMH RGJRYRUD NRQ
VWUXNFLMHþHVWRVH]DRSWHUHüHQMHSRWUHVRPNRULVWL]DSLV
XEU]DQMD WODXRYLVQRVWLRYUHPHQXHQJWLPHKLVWRU\
2GJRYRUL NRQVWUXNFLMH X WDNYRP VOXþDMX RSWHUHüHQMD
GDMXUHIHUHQWQHYULMHGQRVWLDOLXIXQNFLMLYUHPHQD
'UXJD PHWRGD SRPRüX NRMH VH GLUHNWQR RGUHÿXMX
YUãQL RGJRYRUL NRQVWUXNFLMH MH VSHNWDU RGJRYRUD HQJ
UHVSRQVHVSHFWUD6SHNWDURGJRYRUDVHGRELYDL]]DSLVD
SRWUHVD DNFHOHUDFLMH X YUHPHQX L SUHGVWDYOMD YUãQL RG
JRYRU VYLK PRJXüLK OLQHDUQLK VXVWDYD V MHGQLP VWXS
QMHP VORERGH L]ORåHQLK RGUHÿHQRM NRPSRQHQWL SRWUHV
QRJ RSWHUHüHQMD L SULND]XMH IXQNFLMX YUãQRJ RGJRYRUD
DNFHOHUDFLMH EU]LQH LOL SRPDND X RYLVQRVWL R SULURG
QRPSHULRGX7LOLIUHNYHQFLML I6YDNLWDNDYSULND]LPD
ILNVQXYULMHGQRVWNRHILFLMHQWDSULJXãHQMD
3UL RSWHUHüHQMX JUDÿHYLQH VSHNWURP RGJRYRUD GR
ELYDMX VH SULEOLåQH YULMHGQRVWL YUãQRJ RGJRYRUD MHU
NRPELQDFLMD PRGDOQLK RGJRYRUD X]LPD X RE]LU YUãQH
YULMHGQRVWLRGJRYRUD]DSRMHGLQHREOLNHQHYH]XMXüLVH
]DYUHPHQVNLNRUDNXNRMHPVXYUãQHYULMHGQRVWLQDVWD
OH2YDNYDPHWRGDVPDWUDVHGRVWDWQRWRþQRP]DLQåH
QMHUVNX SULPMHQX XNROLNR RGUHÿHQD NRPELQDFLMD PR
GDOQLKRGJRYRUDGDMHGRVWDWQRUHIHUHQWQHYULMHGQRVWL
8UDGXüHVH L]YUãLWLXVSRUHGEDNRPELQDFLMDVSHN
WUDOQH DQDOL]H $%6 6566 &4& V DQDOL]RP ]DSLVD
SRWUHVDXIXQNFLMLYUHPHQDNRMDGDMHUHIHUHQWQH
 YULMHGQRVWLRGJRYRUD]DSURPDWUDQLSRWUHV

2 
Modalna analiza i odgovori konstrukcije u ovisnosti 
o vremenu 
Modal Analysis and Time History Responses
0RGDOQDDQDOL]DMHGLQDPLþNDDQDOL]DOLQHDUQLKVX
VWDYDV1VWXSQMHYDVORERGHNRMDVH]DVQLYDQDPHWRGL
UD]YLMDQMDSRYODVWLWLPREOLFLPD LOL WRQRYLPD2YDPH
WRGD MHSULPMHQMLYDDNR MHYUHPHQVNDRYLVQRVWVLODSR
EXGHVYLKPDVDLVWDLOLUD]PMHUQRLVWDãWRXVOXþDMXSRW
UHVQRJRSWHUHüHQMD]DGRYROMDYDWUDåHQLXYMHW
5MHãHQMHSUREOHPDVYRGLVHQDUMHãDYDQMHPDWULþQH
GLIHUHQFLMDOQHMHGQDGåEH

[ ] { } [ ] { } [ ] { } ( ){ }WSXXX =⋅+⋅+⋅ NFP  

JGMHMH
[ ]P GLMDJRQDOQDPDWULFDPDVD
[ ]N SXQDPDWULFDNUXWRVWL
{ }{ }{ }XXX   YHNWRULXEU]DQMDEU]LQHLSRPDNDNDWD
( ){ }WS RSWHUHüHQMH

'LMDJRQDOL]DFLMRP PDWULFH SULJXãHQMD L PDWULFH
NUXWRVWLUDVWDYOMDVHGLVNUHWDQVXVWDYV1VWXSQMHYDVOR
ERGH QD 1 QH]DYLVQLK GLVNUHWQLK VXVWDYD RG NRMLK MH
VYDNL V MHGQLP VWXSQMHP VORERGH2YDNYR UDVWDYOMDQMH
VHQD]LYDPRGDOQDDQDOL]D
'DELVHL]YUãLODGLMDJRQDOL]DFLMDPDWULFDFLN
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2GJRYRUNRQVWUXNFLMH GHIRUPDFLMDXQXWDUQMHVLOH
QDSUH]DQMDQDGMHORYDQMHSRWUHVDX]LPDMXüLXRE]LU]D
SLV SRWUHVDX IXQNFLML DNFHOHUDFLMH WOD MHGQDN MH ]EURMX
SRMHGLQDþQLK GRSULQRVD VYDNRJ YODVWLWRJ REOLND X MHG
QRPYUHPHQVNRPNRUDNX

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3 
Spektralna analiza  
Spectral Analysis
8VOXþDMXRSWHUHüHQMDNRQVWUXNFLMHVSHNWURPRGJR
YRUDGRELYHQLP L]]DSLVDSRWUHVDSUL DQDOL]L VXVWDYD V
MHGQLPVWXSQMHPVORERGHYULMHGLL]UD]
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6Y±VSHNWUDOQDSVHXGREU]LQD
6D±VSDNWUDOQDSVHXGRDNFHOHUDFLMD

8PRGDOQRMDQDOL]LRYHYHOLþLQHLPDMXVOMHGHüHR]
QDNHXRYLVQRVWLRSRMHGLQLPREOLFLPD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0DNVLPDOQL RGJRYRU NRQVWUXNFLMH GHIRUPDFLMD
XQXWDUQMH VLOH QDSUH]DQMD QD GMHORYDQMH SRWUHVD X]L
PDMXüLXRE]LUVSHNWDURGJRYRUDMHGQDNMHNRPELQDFLML
PDNVLPDOQLK SRMHGLQDþQLK GRSULQRVD VYDNRJ YODVWLWRJ
REOLNDSULþHPXVH]DQHPDUXMXYUHPHQVNLNRUDFLXNR
MLPDVXGRVHJQXWHPDNVLPDOQHYULMHGQRVWL
.RPELQDFLMH NRMH VH NRULVWH X VSHNWUDOQRM DQDOL]L
GDMX YULMHGQRVWL SULEOLåQH VWYDUQRP RGJRYRUX NRQ
VWUXNFLMH
$%6 ± VXPD DSVROXWQLK YULMHGQRVWL HQJ DEVROXWH
VXP±PRGDOQDNRPELQDFLMDNRMDSUHWSRVWDYOMDGDVYH
YUãQH YULMHGQRVWL PRGDOQLK RGJRYRUD QDVWDMX X LVWRP
YUHPHQVNRPNRUDNXSULþHPXMHXNXSQLRGJRYRUVXPD
DSVROXWQLK YULMHGQRVWL SRMHGLQDþQLK YUãQLK RGJRYRUD
WRQRYD
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2YD NRPELQDFLMD GDMHQDMYHüHPRJXüHYULMHGQRVWL
RGJRYRUD NRQVWUXNFLMH L ]ERJ WRJD VH ULMHWNR NRULVWL X
LQåHQMHUVNRMSUDNVL
6566 ± NYDGUDWQL NRULMHQ L] VXPH NYDGUDWD HQJ
VTXDUHURRWRIVXPRIVTXDUHV±PRGDOQDNRPELQDFLMD
NRMD NYDGULUD YUãQX YULMHGQRVW VYDNRJ REOLND.RULMHQ
VXPHNYDGUDWDWLKYUãQLKYULMHGQRVWLGDMHXNXSQLRGJR
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 2YD PRGDOQD NRPELQDFLMD SUHWSRVWDYOMD GD VX
PDNVLPDOQH PRGDOQH YULMHGQRVWL VWDWLVWLþNL QHRYLVQH
.DNRVHUDGLRNYDGUDWLPDYULMHGQRVWLVYDNDYUãQDYUL
MHGQRVW SRVWDMH SR]LWLYQD 8 VOXþDMX NRQVWUXNFLMD NRG
NRMLKMHYHOLNLEURMSULURGQLKIUHNYHQFLMDJRWRYRLGHQWL
þDQ RYD SUHWSRVWDYND QHüH YULMHGLWL L RYD PRGDOQD
NRPELQDFLMDWDGDQHüHGDWL]DGRYROMDYDMXüHYULMHGQRVWL
XNXSQRJRGJRYRUD
&4& ± NRPSOHWQD NYDGUDWQD NRPELQDFLMD HQJ
FRPSOHWH TXDGUDWLF FRPELQDWLRQ SUHGVWDYOMD SURGXNW
YUãQLK YULMHGQRVWL LWRJ L QWRJ REOLND L NRUHODFLMVNRJ
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QRMYULMHGQRVWL]D QL = 
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
-HGQDGåEDSUHGVWDYOMDXSUYRMVXPLNRPELQD
FLMX6566NRMDGDMHSR]LWLYQLþODQVRE]LURPQDWRRG
JRYRUGRELYHQ&4&NRPELQDFLMRPPRåHELWLPDQML LOL
YHüLRGRGJRYRUDGRELYHQLP6566NRPELQDFLMRP
.RUHODFLMVNLNRHILFLMHQWSUHPD'HU.LXUHJKLDQX
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
8NROLNRSRVWRMLLVWLIDNWRUSULJXãHQMD]DVYHWRQRYH
MHGQDGåEDVHSRMHGQRVWDYOMXMHLJODVL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.RUHODFLMVNL NRHILFLMHQW QDJOR VH VPDQMXMHXNROLNR
L]PHÿXGYLMHSULURGQHIUHNYHQFLMHωLLωQSRVWRMLYHOLND
UD]OLND7RMHQDURþLWRVOXþDMVNRQVWUXNFLMDPDVPDOLP
SULJXãHQMHP =D NRQVWUXNFLMH V GREUR UDVSRGLMHOMHQLP
SULURGQLPIUHNYHQFLMDPDNRUHODFLMVNLNRHILFLMHQWVHJX
ELSDNRPELQDFLMVNRSUDYLOR&4&SUHOD]LX6566
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.RPELQDFLMVND SUDYLOD GDYDWL üH ]DGRYROMDYDMXüH
YULMHGQRVWL ]DSRWUHVQHX]EXGHNRMH LPDMX ãLURNRSVHJ
YODVWLWLKIUHNYHQFLMDVGXJDþNLPID]DPDYLVRNLKDPSOL
WXGD SRWUHVD NRMH VX QHNROLNRSXWDGXåHRGSULURGQLK
SHULRGDNRQVWUXNFLMHLQLVXSUHPDORSULJXãHQHRGQRVQR
PRGDOQHNRPELQDFLMHQHüHELWLSRJRGQH]DNUDWNRWUDMQH
LPSXOVQHKDUPRQLþQHSRWUHVQHX]EXGH

4 
Numerički modeli 
Numerical Models
8QXPHULþNRPGLMHOXUDGDREUDÿHQLVXUH]XOWDWL]D
SHWPRGHODSULþHPXMHVYDNLRGQMLKELRRSWHUHüHQVWUL
SRWUHVDVYDNLXGYLMHKRUL]RQWDOQHNRPSRQHQWH WHVX
XVSRUHÿLYDQLUH]XOWDWLYUHPHQVNRJRGJRYRUDLVSHNWUDO
QHDQDOL]H
3UHWSRVWDYOMHQMHNRHILFLMHQWSULJXãHQMDNRGVYLK
 WRQRYDRGRGNULWLþQRJ
6YLKSHWPRGHODLPDMXLVWHWORFUWQHGLPHQ]LMHLYL
VLQHHWDåDNDRLGLPHQ]LMHNRQVWUXNWLYQLKHOHPHQDWD
0RGHO$MHNDUDNWHULVWLþQLDUPLUDQREHWRQVNLRNYLU
GRNVXPRGHOLPD%L&GRGDQH]LGDQHLVSXQHUD]OLþLWR
UD]PMHãWHQHSRWORULVX
8PRGHOX%MH]LGDQDLVSXQDUDVSRUHÿHQDVLPHWUL
þQRSRWORULVXLYLVLQL]JUDGHGRNMHXPRGHOX%SULP
MHULVWHUDVSRGMHOH]LGDQHLVSXQHSRWORULVXDOLVPHNLP
SUL]HPOMHP
8PRGHOX & LVSXQD MH UDVSRUHÿHQD QHVLPHWULþQR
SR WORULVX DOL LPD MHGQROLN UDVSRUHG LVSXQD SR YLVLQL
GRN XPRGHOX& LVSXQD UDVSRUHÿHQDQHVLPHWULþQRSR
WORULVXLYLVLQL]JUDGHSUL]HPOMHLPDUDVSRGMHOXNDNRMH
SULND]DQRXWDEOLFLGRNRVWDOHHWDåHLPDMXUDVSRGMHOX
LVSXQHNDRPRGHO&
=D QXPHULþNR PRGHOLUDQMH NRULãWHQ MH SURJUDP
(7$%6YHU>@
 
 
7DEOLFD3ULND]JHRPHWULMVNLKLPDWHULMDOQLKNDUDNWHULVWLNDQXPHULþNLKPRGHOD
7DEOH6FKHPHRIJHRPHWU\DQGPDWHULDOFKDUDFWHULVWLFVRIQXPHULFDOPRGHOV 
 GEOMETRIJSKE KARAKTERISTIKE MATERIJALNE KARAKTERISTIKE 
ploča   d  (cm) 18 
greda   b/h  (cm) 30/50 
M 
O 
D 
E 
L 
 
A 
stup   b/h  (cm) 50/50 
beton C30/37 
E =3,25×107 kN/m2 
 
čelik RA 400/500 
E =2×108 kN/m2 
 
M 
O 
D 
E 
L 
 
B1 
 
B2 
M 
O 
D 
E 
L 
 
C1 
 
C2 zid   d  (cm) 20 
opeka 
E =5×106 kN/m2 
 
 
3UL QXPHULþNRP PRGHOLUDQMX SRWUHVQRJ RSWHUHüH
QMD NRULãWHQD VX GYD QDþLQD ]DSLV XEU]DQMD WOD X YUH
PHQXLVSHNWDURGJRYRUD]DWULSRWUHVDXGYLMHKRUL]RQ
WDOQHNRPSRQHQWH=DSRWUHVQDRSWHUHüHQMDNRULãWHQLVX
]DSLVLSRWUHVDVLQWHQ]LWHWRPNRMLRGJRYDUD,;SRWUHV
QRM]RQLSR06.VNDOLWHVYULMHGQRVWLPDPDNVLPDOQLK
XEU]DQMDJJ)UHNYHQWQLVDVWDYSRWUHVD
 MHWDNDYGDSRNULYDSRGUXþMHRGNUXWLKGRPHNLKWODWM
SRNULYDMXSURMHNWQRLQWHUHVDQWQRSRGUXþMH
6PMHUVMHYHUMXJ]DGDQMHXVPMHUX[DVPMHULVWRN
]DSDGX VPMHUX\JOREDOQRJNRRUGLQDWQRJVXVWDYD L LV
WRYUHPHQR MH ]DGDYDQD SREXGD X GYD RNRPLWD VPMHUD
VPMHU[VDYULMHGQRVWLLVPMHU\VDYULMHG
QRVWL
 
 
7DEOLFD9UãQHYULMHGQRVWLSRWUHVD
7DEOH3HDNYDOXHVRIHDUWKTXDNH
VREMENSKI ZAPIS SPEKTAR ODGOVORA 
 
X Y X Y 
EL CENTRO 0,349g 0,214g 1,154g 0,790g 
BAR 0,375g 0,363g 1,235g 1,758g 
PETROVAC 0,484g 0,341g 2,556g 1,644g 
 
 
  
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 PROSTORNI PRIKAZ TLORIS 
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6OLND3URVWRUQLSULND]LLWORULVLPRGHODVUDVSRGMHORP]LGDQLKLVSXQD
)LJ'DQGJURXQGSODQVFKHPHRIPRGHOVZLWKGLVWULEXWLRQRIZDOOILOOLQJ
 
 
  
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6OLND6SHNWULRGJRYRUD]DREDKRUL]RQWDOQDVPMHUDFUQDFUWD;VPMHULVLYDFUWD<VPMHU
)LJ6SHFWUXPVRIDQVZHUVIRUERWKKRUL]RQWDOGLUHFWLRQVEODFNOLQH;GLUHFWLRQDQGJUH\OLQH<GLUHFWLRQ
 
7DEOLFD9ULMHGQRVWLSHULRGD]DSUYLKãHVWWRQRYDSRPRGHOLPD
7DEOH9DOXHVRISHULRGVIRUWKHILUVWVL[WRQHVE\PRGHOV
 Model A Model B1 Model B2 Model C1 Model C2 
OBLIK T, s T, s T, s T, s T, s 
1 1,405 0,414 0,755 0,786 0,720 
2 1,306 0,357 0,713 0,361 0,423 
3 1,304 0,265 0,643 0,299 0,303 
4 0,449 0,134 0,194 0,250 0,223 
5 0,422 0,118 0,166 0,143 0,138 
6 0,419 0,089 0,116 0,118 0,128 
 
 
5 
Rezultati  
Results
8REUDGLSRGDWDNDXVSRUHÿHQLVXSHULRGLSRMHGLQLK
PRGHODSRWRQRYLPDLXDQDOL]LUHDNFLMDYULMHGQRVWLGR
ELYHQH NRPELQDFLMDPD PRGDOQLK RGJRYRUD $%6
6566 &4& L WRþQLK YULMHGQRVWL GRELYHQLK DQDOL]RP
YUHPHQVNRJ]DSLVDSRWUHVD
3UHPDYUHPHQVNRMDQDOL]LPRåHVHXWYUGLWLNRMDüH
NRPELQDFLMDGDWL WRþQLMHYULMHGQRVWL VRE]LURPQDEOLV
NRVW YULMHGQRVWL SHULRGD GYD X]DVWRSQD REOLND RG]LYD
NRQVWUXNFLMH8NROLNRMHYULMHGQRVWSHULRGDGUXJRJPR
GDXRGQRVXQDSUHWKRGQLYHüDRGSUHWKRGQHQH
SUHSRUXþDVHXSRUDED6566QHJR&4&NRPELQDFLMH
5H]XOWDWL VX VH XVSRUHÿLYDOL QD RVQRYX YULMHGQRVWL
SRSUHþQLKUHDNFLMD]DREDKRUL]RQWDOQDVPMHUDLPRPH
QDWD WRU]LMH X UXEQLP VWXSRYLPDPRGHOD 3ULND]XVSR
UHGQLK YULMHGQRVWL SR NRPELQDFLMDPD L SRWUHVLPD ]D
PRGHO&YLGOMLYMHQDVOLFL

6 
Zaključak 
Conclusion
8 UDGX MH L]YUãHQD DQDOL]DSHWPRGHOD LVWLK WORFUW
QLK GLPHQ]LMD L YLVLQD HWDåD DOL UD]OLþLWLK NUXWRVWL SR
WORULVXLSRYLVLQLãWRMHXWMHFDORQDYULMHGQRVWLSULURGQLK
SHULRGDIRUPLRVFLOLUDQMDWHNDUDNWHULVWLNDRGJRYRUD
6YLPRGHOL VX RSWHUHüHQL SRWUHVLPD X YLGX ]DSLVD
SRWUHVDXYUHPHQXXGYLMHNRPSRQHQWHWHVXWDNR
 GRELYHQLUH]XOWDWLGDOLUHSUH]HQWDWLYQHYULMHGQRVWL
6SHNWUDOQD DQDOL]D L NRPELQDFLMH PRGDOQLK RGJR
YRUD ]D VYH PRGHOH L SRWUHVH GDOH VX GRVWDWDQ UDVSRQ
YULMHGQRVWLNRMHVXXVSRUHÿHQHVUHSUH]HQWDWLYQLPD
0HWRGDVSHNWUDOQHDQDOL]HGLUHNWQRGDMHLGHDOL]LUD
QHPDNVLPDOQH YULMHGQRVWL RGJRYRUD NRQVWUXNFLMH SRW
UHEQH]DSURUDþXQGRNPHWRGDVRSWHUHüHQMHP]DSLVRP
SRWUHVD X YUHPHQX GDMH WRþQH RGJRYRUH NRQVWUXNFLMH
DOLXRYLVQRVWLRYUHPHQX
9UHPHQVNDDQDOL]DRGJRYRUDNRQVWUXNFLMHNRMDGD
MH WRþQH YULMHGQRVWL RGJRYRUD X YUHPHQX RPRJXüDYD
XVSRUHGEX UH]XOWDWD V UD]OLþLWLP PHWRGDPD PRGDOQLK
NRPELQDFLMD ,] UH]XOWDWD NRML SRNULYDMX ãLURN VSHNWDU
IUHNYHQFLMDJUDÿHYLQDRGLQWHUHVDVDLEH]XWMHFDMDWRU
]LMH ãLURN VSHNWDU SREXGD QDPHNLP L NUXWLP WOLPD
PRåHVH]DNOMXþLWLRXSRUDELYRVWLPHWRGD
6566 NRPELQDFLMD GDMH YHüH UD]OLNH X RGQRVX QD
VWYDUQH WRþQH YULMHGQRVWL RGJRYRUD X VOXþDMX WRQRYD V
X]DVWRSQLP EOLVNLP YULMHGQRVWLPD SHULRGD 7DNYH UD]
OLNHSRNULYDNRPELQDFLMD&4&8VOXþDMXQHUHJXODUQLK
NRQVWUXNFLMDXSUDYLOXVHMDYOMDMXIUHNYHQFLMHMHGQROLNH
XSDUXWRQRYDSDMHSUHSRUXþOMLYRNRULVWLWL&4&NRPEL
QDFLMX
$%6 NRPELQDFLMD GDMH XYLMHN YHüH YULMHGQRVWL ãWR
MHYLGOMLYRLXSURYHGHQRMDQDOL]LVSURVMHþQLPSRYHüD
QMHPRGRNRSDMHNDRPRJXüDPHWRGDNRPEL
QDFLMH PRGDOQLK RGJRYRUD XSRUDEOMLYD VDPR V FLOMHP
RVWDMDQMDQDVWUDQLVLJXUQRVWL
&4& PRGDOQD NRPELQDFLMD GDMH QDMPDQMD RGVWX
SDQMDRGWRþQLKYULMHGQRVWLNRGVYLKUD]PDWUDQLKPRGH
ODXSURVMHNXRNRWHVHSUHSRUXþXMHNDRQDMSRX]
GDQLMD]DLQåHQMHUVNXSUDNVX
 

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 ELCENTRO BAR PETROVAC 
AB
S 
   
SR
SS
 
   
C
Q
C
 
   
TH
 
   
6OLND5HDNFLMHXUXEQLPVWXSRYLPDSRNRPELQDFLMDPDLSRWUHVLPD]DPRGHO&
)LJ5HDFWLRQIRUFHVLQNHUESLOODUVE\FRPELQDWLRQVDQGHDUWKTXDNHVIRUPRGHO&
 
7DEOLFD7DEOLFDUH]XOWDWDVUHGQMLKYULMHGQRVWLSRPRGHOLPDLSRWUHVLPDXRGQRVXQDMHGLQLþQHYULMHGQRVWLGRELYHQHYUHPHQVNLP]DSLVRP
7DEOH5HVXOWVRIPLGGOHYDOXHVE\PRGHOVDQGHDUWKTXDNHVLQUHODWLRQWRYDOXHVREWDLQHGZLWKWLPHHQWU\
  ABS SRSS CQC 
EL CENTRO 1,364 0,962 0,963 
BAR 1,252 1,058 1,059 MODEL A 
PETROVAC 1,526 0,951 0,954 
EL CENTRO 1,200 0,961 0,962 
BAR 1,218 0,962 0,964 MODEL B1 
PETROVAC 1,216 1,061 1,062 
EL CENTRO 1,119 1,098 1,098 
BAR 1,060 1,046 1,046 MODEL B2 
PETROVAC 1,131 0,990 0,990 
EL CENTRO 1,407 1,049 1,048 
BAR 1,351 1,044 1,042 MODEL C1 
PETROVAC 1,628 1,092 1,083 
EL CENTRO 1,482 1,214 1,210 
BAR 1,390 1,114 1,112 MODEL C2 
PETROVAC 1,112 0,925 0,923 
 
Superpozicija modalnih odgovora spektralne analize                                                                                                                                        T. Kalman, V. Sigmund 
TECHNICAL GAZETTE 14 (2007)(1,2)17-24 24 
 
6 
Literatura 
References
>@ &KRSUD$QLO.'\QDPLFVRI6WUXFWXUHV3UHQWLFH+DOO
1HZ-HUVH\
>@ ýDXãHYLü 0HKPHG 3RWUHVQR LQåHQMHUVWYR RGDEUDQD
SRJODYOMDâNROVNDNQMLJD=DJUHE
>@ (7$%6YHU7KUHH'LPHQVLRQDO6WDWLFDQG'\QDPLF
$QDO\VLV RI 6WUXFWXUHV &RPSXWHUV DQG VWUXFWXUHV ,QF
%HUNOH\
 
 
 
$XWKRU¶V$GGUHVV$GUHVDDXWRUD
7DQMD.DOPDQGLSOLQJJUDÿ
*UDÿHYLQVNLIDNXOWHWX2VLMHNX
6YHXþLOLãWH-RVLSD-XUMD6WURVVPD\HUD
&UNYHQDXOLFD2VLMHN
HPDLOWNDOPDQ#JIRVKU
3URIGUVF9ODGLPLU6LJPXQGGLSOLQJJUDÿ
*UDÿHYLQVNLIDNXOWHWX2VLMHNX
6YHXþLOLãWH-RVLSD-XUMD6WURVVPD\HUD
&UNYHQDXOLFD2VLMHN
HPDLOVLJPXQG#JIRV


